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stimulate increased uterine weight, (Bickoff et al., 1960Q;
East, 1955; Carter et al., 1960) has not been thoroughly in-
vestigated. The need for more detalled information on the
mode of action of plant estrogens and variations in the
response of animal species is a major problem of this study.

The difficulty in obtaining sufficient quantities of
relatively pure plant estrogens has hampered research in this
.area for a long time. Fortunately, enough coumestrol was
obtained from the Fastman Kodak Company to permit some de-
tailed studies using laboratory animals. It is expected that -
supplies will become available for work with ruminants in the
near future.

The potencies of some plant estrogens have been
estimated (Bickoff, 1961; Leavitt, 1963; and others) by
comparing mouse uterine welght response to plant estrogen
treatment with the same response in mice treated with di-
ethylstilbestrol. Relative estrogenic potency of plant com-
pounds can also be measured by comparison with certain
responses (vaginal patency, uterine histology, species varia-
tion, vaginal exfoliative cytology, etc.) to endogenous
estrogens. Iﬁ many cases, variation in the estrogen assay
technique produces substantially different results. Cheng
and Burroughs (1959) found diethylstilbestrol to be 83,000
times as potent as genistein. Bickoff (1961) states that
coumestrol is approximately thirty times more potent than
genistelin, giving diethylstilbestrol a potency approximately
2,780 times greater than coumestrol when measured by uterine

weight increase. Bickoff et al. (1960} state that variation
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in the methods used by different investigators casts confu-
sion on relative potency claims for plant estrogens. The
present studies substantiate this by the following findings
regarding estrogenic potency of coumestrol:

1. When orally administered coumestrol was compared
to diethylstilbestrol at levels of O.Ql and 0.02 mecg. per
gram of diet and fed to ovariectomized adult female mice,
the diethylstilbestrol was respectively 11,000 and 14,500
times more potent than coumestrol.

2. Wher. injected coumestrol was compared to estra-
doil benzoate injected at levels of 1.0 and 5.0 mcg. per
treatment into ovariectomized adult female guinea pigs, the
estradiol benzoate was respectively 3,500 and 1,300 times
more potent than coumestrol.

3. When orally administered coumestrol waé compared
to estradiol benzoate injected at a level of 0.1 mcg. per
treatment into ovariectomized adult female guinea pigs, the
estradiol benzoate was 87,000 times more potent than coumes-
trol.

L. When injected coumestrol was compared to estra-
diol benzoate injected at a level of 0.1 mcg. per treatment
into ovariectomlzed partners of a parabiotic union (direct
bicassay), estradiol benzoate was 3,300 times more potent
than coumestrol.

It shouid be noted that in noné of these cases did
approximate dose-response curves of coumestrol and those of
reference estrogens coincide. The validity of relative

potency claims would seem questionable when based on the
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crossing point of two very different response curves, unless
exact dosages and conditions are indicated. There is, how-
ever, little question that coumestrol has estrogenic activity
but is much weaker than most endogenous estrogens.

Coumestrol is capable of producing estrogen responses
other than increased uterine weight. As noted in the section
on Procedures and Results, some responses of ovariectomized
guinea pigs to coumestrol are cystic glandular hyperplasia,
full vaginal patency, and vacuolation and increased height
of endometrial epithelium. All of these regponses show
Variabiiity when the dose level or route of administration
i1s changed. Several attempts were made to evaluate the
effect of coumestrol on pituitary activity in guinea pigs.
Selective staining of pituitary gonadotroph cells met with
partial success, but the results were not dependable enough
for accurate interpretation. Pituitary gonadotrophin bio-
assays in immature female mice demonstrated that neither
coumestrol nor estradiol benzoate was able to inhibit castra-
tion hypersecretion in ovariectomized guinea pigs at the
treatment levels used.

No conclusive information has been available concern-
ing the ability of coumestrol to affect pituitary function.
Parabiotic mice were used in our experiments to determine if
coumestrol possesses anti—gonadotfophic activity similar to
that of steroidal estrogens. Results indicate that doses. of
thvmcg. of coumestrol (a non-steroid) per day were capable

of strong "steroid inhibition", and that doses of 100 mcg.
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of coumestrol per day wefe capable of weak "steroid inhibi-
tion" of castration hypersecretion in mice.

It is concluded that the plant estrogen coumestrol
is capable of interfering with reproductive processes at the
pitultary level as well as through direct action on reproduc-
tive tissues. Although the effects on reproductive phenomena
are similar to those produced by endogenous estrogens, the

degree to which certain tissues and functions respond is

variable.
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VI. SUMMARY

Recent publication of three excellent reviews per-
taining to the general problem of forage estrogens has
directed the pfesént Review of the Literature to specific
aregs of study.

Fresh and preserved ladino clover were harvested by
hand and treated in a manner to cause minimum decomposition
of inherent compounds that might affect reproduction. Pre-
served samples were dried in a convection oven, grouﬁd into
a mash, and immediately sealed in cans for storage at 0° C
or below. The estrogens used in this study, coumestrol (a
plant. estrogen), estradiol benzoate, estradiol-17-beta, and
diethylstilbestrol, were commercially obtained and of excel-
lent quality. |

An experiment was designed to study the effects of
fresh ladino clover on the reproductive tract of the intact
mature female guinea pig. TForty-eight guinea pigs were
divided into two equal groups, one treated with fresh clover
diet, and the other serving as a control. The two groups
demonstrated no significant difference in the following
measurements:

1. ovarian weight and histology

2. uterine weight and histology

3. duration of estrus

"L. duration of estrous cycles

5

. body weight
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Five groups of ten ovariectomized guinea pigs receiv-
ing various treatment combinations of preserved clover and
estradiol benzoate were arranged so that the presence of both
estrogenic and anti-estrogenic properties could be demon-
strated. No evidence of either of these properties was found
to be a result of clover treatment alone. Expected responses
to estrogen were noted in all groups receiving estradiol
benzoate treatments.

An extensive experiment was designed to study the
plant estrogen coumestrol by varying the dosage and route of
administration, and by comparing certain responses to those
elicited by estradiol benzoate. Eleven groups of from eight
to twenty-cne ovariectomized guinea pigs were used to obtain
information relative to a variety of questions concérning
plant estrogens. Coumestrol produced significant increase
in uterine weight when fed in the diet at a rate of 400 mcg.
per gram and when injected at 1.0, 2.5, and 7.5 mg. levels.
Vaginal patency response to coumestrol develops at a lower
dosage than does an increase in uterine weight. Cystic
glandular hyperplasia of the endometrium and enlargement of
cells of the uterine epithelium developed in response to both
coumestrol and estradiol benzoaté in higher doses. The com-
bined estrogenic effects of coumestrol and estradiol were
additive rather than Synefgistic or inhibitory, at the levels
tested.

A study involving C57 B1/10J mice in parabiotic”union,
with one partner ovariectomized and one partner intact, was

used to determine the ability of coumestrol to affect
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pituitary function. The ability of certain steroid compounds
to inhibit castraﬁion hypersecretion can be measured by
failure of the reproductive tract in the intact female to
enlarge. The phenomenon, termed "steroid inhibition™, is
based on the ability of steroidal compounds to interfere
with the production or release of excess gonadotrophin in
treated subjects, and is a measurement of direct pituitary
response to the test compound. Coumestrol (a non-steroid)
demonstrates. the same ability, and forces the conclusion
that this planf estrogen relates itself to mammalian re-
production via the central nervous system as well as by
direct action on reproductive target organs.

Biocassays of pituitary gonadotrophin content in
guinea pigs from the above experiments were performed by
measuring mouse uterine and ovarian welght respbnses to
pituitary gland suspensions. At the treatment levels used,
neither coﬁmestrol nor estradiol benzoate was capable of
inhibiting the substantial increase in piltultary gonado-
trophin content of ovariectomized guinea pigs.

Immature mouse uterine weight bioassay of acetone
extracts from preserved clover samples collected period-
ically during the growing season demonstrated no evidence of
estrogenic activity at any of the growth stages. A similar
bicassay of commercially obtained coumestrol provided a dose
response curve for use in other experiments. Mouse uterine
weight increase began when coumestrol was included in the
diet at levels between 50 and 100 mcg. per gram.

It is concluded that ladino clover used in these
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studies was inert in relation to its ability to impose re-
productive change on female mice or guinea pigs. It is also
concluded that the plant estrogen coumestrol is capable of
interfering with reproductive processes at the pituitary
level as well as through direct action on reproductive |
tissues. Although the effects on reproductive phenomena are
similar to those produced by endogenous estrogens, the degree

to which certain tissues and functions respond is variable.
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APPENDIX T

EQUIPMENT

w

To avoid prolonged descriptions of commercially ob-
tained equipment used in this study, the following list is
included. A brief description, immediate source, and catalog
number for each item are given as a reference for more de-

tailed information.

Description Source Catalog
Number

l. Microscope Illuminator,A-O Fisher Scientific

Spencer, Ortho-Illuminator Company 12-408V4
2. Microscope, Bausch and Lomb,

‘Dynazoom, Binocular-Style A Fisher 12-314
3. Microscope, Stereoscopic, Wide

Field, Binocular, Bausch and Lomb Fisher 12-328-5
L. Evaporator, Rotating Vacuum type,

Rinco , Fisher 9-548V)
5. Extraction Apparatus, with

Friedrich Condenser, Pyrex Fisher 9-571-B
6. Centrifuge, International

Model HN, Electric Fisher 5-111-W1
7. Head, Horizontal, Six-place

50 ml. Fisher 5-111-11
8. Head, Angle, 24-place, for

15 ml Shields, No.5-160 Fisher 5-111-12
9. Vacuum Oven, National Fisher 13-262X%2
10. Electric Tissue Grinder Bodine Electric Co.

Chicago, Illinois

11. Paraffin Embedding Oven,
large model : Aloe V64720
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Description Source Catalog
Number

12. Extraction Apparatus,

Soxhlet Modified, Large Aloe V(3885
13. Lamp, Aloe-Dozor Aloe POL15
14. Laboratory Stools, Swivel Aloe V51965
15. Chromatography Cabinet,

Chromatocab, Large Size,

Stainless Steel Aloe V29202 B
16. Chromatography Assembly-

Square Aloe V29204 SA
17. Desicators-Scheibler,

Tubulated Cover Aloe V36210 C
18. Balances, Triple Beam,

Ohaus Model 17508 Fisher 2-034
19. Balance, Analytical, Semi- v

Micro, Mettler, Model H-16 Fisher 1-908-20X2
20. Oven, Mechanical Convection,

Blue M "Power-O-Matic 60"

Model 256 Fisher 13-258-20W2
21. Extractor, Glass, Side-Arm, Ace Glass,Inc.

with Condenser Vineland,N.J. 6740-B
22. Autoclave, Sterilizing, :

Electrically Heated, 3 Heat Fisher 1-801 Wi
23. Autotemp Heaters, Thermostat-

ically Controlled Fisher 11-466-100
2. Lab Wagon, Chemicart,

Stainless Steel Fisher 11-926
25. Cutting Mill, Wiley, Standard

Model No. 3, Motor Driven Fisher 8-336-5W1
26. Fluorometer, Automatic,

Turner Model 111 Fisher 7-118-5V2
27. Water Bath, Utility, Constant

Temperature Precision Fisher 15-L57

large

28. Water Bath Covers, Size 170 Fisher 15-454-5



96

Description Source Catalog
Number

29. Clipper, Animal Fisher 1-305VL
30. Balance, Animal, Triple

Beam, Ohaus, Model 730 Fisher 2-034-25
31. Air Pump, Vacuum, Welch :

Dist-0-Pump with Motor Fisher 1-103
32. Microtome, AO Spencer,

Model 815, Open Rotary

Type Fisher 12-606
33. Microtome Knife Sharpener,

AO Spencer Sutomatic Fisher 12-643-50V1
34. Slide Warmer, Fisher

Improved Fisher 12-594-5V3
35. Topcon Super D 35 mm

Camera, with Microscope

Adapter, Carrying Case Chas. Beseler Co.

and 1.4 Lens E. Orange, N.J.
36. Ventilated Fume Hood
37. Refrigerator-Freezer

Combination Sears Roebuck and Co.
38. Monroe Calculator, Monroe Calculating

Model 8F-213 Machine, Portland,

Maine

39. Calab Flash Evaporator, Calab Company

Cold Finger Assembly

Berkeley, California

Assorted glassware,

surgery instruments, chemicals, small

equipment and animal facilities are not included.
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APPENDIX TII
GUINEA PIG PUBERTY DATA

Table 10 contains data describing the ages and body
weights of female albino quinea pigs on the first day of
"full vaginal patency", considered the onset of puberty.
Duration of the first estrus (in days) and birth weights are
included. This information was used in determining the start-
ing date for the fresh ladino clover feeding experiment and
for choosing an opportune time for ovariectomy of young fe-

males in other studies. Mean values are close approximations.



TABLE 10

DATA TAKEN FROM TEN FEMALE ALBINO GUINEA PIGS
AT ONSET OF PUBERTY

Guinea Pig Number 1 2 3 4 5 6 7 8 9 10 Mean

Approximate Weight

at Birth (grams% 102 102 103 111 111 111 107 107 122 122 109.8
Weight at First

Vaginal Patency

(grams) 278 280 339 330 374 310 323 280 364 355 323.3
Age at First |

Vaginal Patency

(days) 25 21-22 30 27 31-34 26 31 23 26 33 27.6
Duration of First

Estrus (days) 7 6-7 L-5 Lt — 5+ L 6 3 7 5.3
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